EXECUTIVE SUMMARY
Nevada has a vast potential for electricity generation using solar power. An examination of the stock of renewable resources in Nevada proves that the state has the potential to be a leader in renewable-electric generation. Solar resources for concentrating collectors range between 7,000 and 7,500 watt hours per square meter (whm 2 ), making southern Nevada one of the best sources for this type of generation in the world (see Riddel and Schwer, 2003) .
The purpose of this study is to estimate the economic impact, in terms of employment, personal income, and gross state product (GSP) of developing some portion of Nevada's solar energy generation resources. At present, it is impossible to know what level of investment in solar generation capacity will occur in Nevada over the coming decades. The level of investment will depend on federal and state energy policy, energy prices, technology, and a host of other variables. "Sustainable" development would be something on the order of 5GWs over 10 years so 500MW/year (communication Mark Mehos NREL November 2003) . This level of investment is unlikely in the near future given current prices and policy. Thus, this report focuses on likely investment scenarios to gain an understanding of possible economic impacts from different levels of investment in CSP generation in Nevada. We examine three scenarios by varying the number of 100-MWe plants constructed and operated in the state. We find that developing the state's solar resources will have a significant, positive effect on Nevada's economy. The degree of impact depends on the scenario and the timing of the construction and operations and maintenance (O&M) schedule.
Under Scenario A, one "representative plant," a 100 megawatt (MWe) trough facility, is constructed. The direct construction impact, including labor, capital, land, and contingencies, totals $485.6 million. Each year, 817 jobs are directly tied to constructing the facility. Indirect and induced job creation totals another 1,570 jobs during the construction phase, suggesting an employment multiplier of 2.9. Not surprisingly, employment impacts during the O&M phase are significantly less than during the construction phase. Employment impacts average 140 jobs annually. Total personal income in Nevada attributable to the construction phase (2004 through 2006) and the O&M phase (2007 through 2035) is estimated to be $1.15 billion. GSP will be boosted by $1.14 billion.
Scenario B assumes that 10 representative plants are constructed over an 11-year construction cycle. This scenario offers the highest economic impact. Employment impacts are largest during the early years of the construction phase. Initial employment impact is 3,830 jobs in the first year of construction, rising quickly to a peak of over 6,940 jobs in 2005. The first post-construction year enjoys employment impacts of 1,090 jobs. Over the O&M phase, employment impacts average 1,800 jobs. Total personal income and GSP generated between 2004 and 2035 totals $9.37 and $9.85 billion, respectively. 1 Scenario C represents and intermediate case between A and B where three 100-MWe plants are constructed over a two-tear build cycle, with new plants beginning construction in 2004, 2005, and 2006 . All construction is complete by 2008. This level of investment is equivalent to meeting approximately 2/3 of the Nevada Renewable Portfolio Standard (RPS) of 15 percent of the electricity generated in Nevada by investor owned utilities come from renewable sources.
As in Scenario B, employment impacts in Scenario C peak early in the construction phase. In 2005, nearly 7,000 jobs may be attributed to the construction of the facilities. The average annual employment impact over the construction phase is 4,900 jobs. The average employment impact over the O&M phase is 475 jobs. Taken together, the construction and O&M for the three plants injects $3.4 billion in personal income into the Nevada economy from 2004 through 2035. GSP is augmented by $3.5 billion over that same period.
The results reveal significant economic benefits, in terms of GSP, new employment, and personal income to the state of Nevada. As such, CSP generation is a potential source of economic development throughout the state. Rural Nevada has been shedding highpaying natural-resource-based jobs for the past decade. Solar power generation does not contribute to global warming or diminish air quality, but provides opportunities for the skilled labor force that has been left unemployed in rural Nevada. Thus, tallying the economic and environmental benefits of solar-power generation, it is clear that it could be an important contributor to sustainable economic development in rural Nevada.
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INTRODUCTION
Disenchantment with the environmental degradation associated with fossil-fuel use has led to interest in alternatives to fossil fuel. In Nevada, almost 90 percent of the electricity generated comes from coal (53 percent) or natural gas (36 percent). Fossil-fuel consumption is associated with air-quality problems and acid rain, and may affect global temperatures in the long run. Perhaps even more importantly, fossil fuels are nonrenewable. As resources become scarce, prices will certainly rise and alternatives will be necessary.
Nevada has a vast potential for electricity generation using solar power. An examination of the stock of renewable resources in Nevada proves that the state has the potential to be a leader in renewable electric generation. Solar resources for concentrating collectors range between 7,000 and 7,500 watt hours per square meter (whm 2 ), making southern Nevada one of the best sources for this type of generation in the world (see Riddel and Schwer, 2003) .
The purpose of this study is to examine the potential of solar power generation facilities for economic development in Nevada. We focus on one type of solar power generation that has enjoyed success in experimental facilities: concentrating solar power (CSP) generation. We estimate direct, indirect, and induced impacts, in terms of employment, personal income, and gross state product (GSP) within the state of Nevada. The economic impacts are estimated using the REMI model, a multivariate, multi-equation model of the Nevada economy.
We examine three different levels of CSP-generation capacity: Scenario A with 100 MWe of capacity, Scenario B with 1,000 MWe of capacity, and finally Scenario C where enough capacity is built to meet one-half of Nevada's legislated goal of 15 percent of the total state's generation from renewable sources.
We find that the economic impact of constructing and operating CSP facilities within Nevada could provide a substantial and needed economic driver for rural Nevada.
II. ECONOMIC IMPACTS AND THE REMI MODEL
Economic impacts arise from new expenditures over and above existing expenditures. They may also include shifts in the level of environmental externalities such as changes in air or water quality. For simplicity, we focus on tangible and easily quantifiable economic impacts on employment, personal income, and GSP. Employment impacts may arise from a variety of sources. There will be direct employment impacts from constructing and maintaining renewable-energy generation facilities. Second round, or indirect employment impacts, can follow as Nevada firms that supply labor and or materials to generation facilities expand. Finally, new jobs can be created in the retail, services, and other sectors that support consumption activities. Similarly, direct GSP impacts will arise from the construction, maintenance, and operation of CSP-generation facilities. Indirect and induced effects from increased demand for renewable-energy generation products and increased household wealth, respectively, are also an important source of economic activity. The REMI model works particularly well for economic impact modeling because it is a dynamic model. The word "dynamic" in economics means that past events are allowed to influence current and future events. So, for example, an increase in demand for electricity will cause electricity prices to rise in the model in the next period. The price rise will translate into less electricity demanded in the future, all else equal.
Another important component of the REMI model is the detailed provision for capital investment. Investment in the economic sense is buildings and equipment that are used for producing goods and services. Therefore, the model incorporates data on past investment, including the cost of new casino and hotel construction, in the estimation process. Demand for labor and capital investment is included through a block of equations in the model. Another important block of equations is the population and laborsupply block. This block relates migration and changes in population to the supply of workers for the different industries in the county. A unique feature of this block of equations is the decomposition of migrants into those drawn by economic variables and those from non-economic, including retired persons. Again, this feature is helpful when modeling the economy of a state with a disproportionately high percentage of retired persons. Finally, the REMI model has a block of equations that accounts for wages, prices, and profits of firms.
In the REMI, the labor and capital-demand block, the population and labor-supply block, and the wage, prices and profits block are allowed to interact, thereby mimicking the economic relationships. The dynamic relationships allow for eventual return to equilibrium. For example, if wages are high relative to those in Utah, the model will draw migrants from Utah to work in Nevada. Over time, as new migrants come and increase the supply of labor, wages are forced down and are eventually equilibrated with those of Utah. This allows for economic-impact estimates that are reflective of theoretically sound economic relationships.
The model employed divides Nevada into five regions-Clark County, Nye County, Lincoln County, Washoe County and Carson City, and the remaining counties are combined to form a fifth region. The data used to construct the model begin in 1969. Because Bureau of Labor Statistics' (BLS) personal income data are reported with a twoyear lag, the most recent historical data in the model are from 1998. In an effort to ensure that the most current data are used in the forecast, we update the model with employment figures from the Nevada Department of Employment, Training, and Rehabilitation.
The exogenous parameters of the REMI model are estimated using a variety of simultaneous and single-equation techniques. The endogenous parameters are found by choosing values so that the system of labor, capital-demand, population, labor-supply, wage, prices and profits equations is satisfied. For a detailed description of parameter estimation and model solution methods (see Treyz 1993) .
Once solved, the REMI model provides forecasts for economic and demographic variables, such as population, inflation-adjusted GSP, and industry-specific final demand, on which we may base our tax forecasts. It is very important to note that the finaldemand forecasts used to ultimately forecast taxable sales, sales tax, and room tax encompass all of the information contained in the REMI model. Thus, the economic impacts arising from the model are based on complicated, but statistically accurate models of the Nevada and U.S. economies.
III. THE SCENARIOS
At present, it is impossible to know what level of investment in solar generation capacity will occur in Nevada over the coming decades. The level of investment will depend on federal and state energy policy, energy prices, technology, and a host of other variables. "Sustainable" development would be something on the order of 5GWs over 10 years so 500MW/year (communication Mark Mehos NREL November 2003) . This level of investment is unlikely in the near future given current prices and policy. Thus, this report focuses on likely investment scenarios to gain an understanding of possible economic impacts from different levels of investment in CSP generation in Nevada. We examine three scenarios by varying the number of 100-MWe plants constructed and operated in the state. For each of the three scenarios described above, we tabulate economic impacts in terms of gross state product, employment by major industries, and fiscal impacts. The economic impact is decomposed into: 1) direct impacts from constructing facilities, and 2) indirect impacts from stimulating secondary economic activity within the state, and 3) induced effects arising from changes in income and consumption by Nevada residents.
IV. SCENARIO A.
Scenario A estimates the economic impact on Nevada of building one 100-MWe plant in the state. Economic impacts arise during the construction, then the O&M phases. Capital and labor costs differ significantly over the two phases. As such, we describe each in turn.
Construction Direct Costs
Construction costs for a 100-MWe trough CSP plant are given in Table 1 . The costs are broken down into capital and labor costs by major cost component of the construction project. Contingencies are added that vary over the major cost component. Columns 7 and 8 in Table 1 give the total costs, with the contingency, for capital and labor, respectively, by major cost component. Labor cost totals $107 million, whereas capital costs come to $344 million. The S&L study assumes that engineering, construction, and project management will cost an additional 7.3 percent of the $451 million in Table 1 amounting to $32 million dollars. Land costs are expected to total $1.854 million.
Construction capital costs enter the REMI model through the output variables: construction sales, new electric-utility facilities. Labor costs are entered by transforming labor spending into full-time employment (FTE) using the REMI construction wage as follows: FTE=Total Labor Spending/Annual Construction Wages. We assume a threeyear build cycle. The plant is constructed in years 1, 2, and 3 and begins operation in year 4.
Operations and Maintenance Costs
Operations and maintenance capital costs and expenditures are also taken from the S&L study. Table 2 gives a tally of the expected operations and maintenance costs. The labor O&M costs are entered into the REMI model as FTE. Administrative employment enters the model through the employment category: services, miscellaneous business services. Technical employment is entered using the REMI category employment: public utilities. The wages given in Table 2 are those used in the REMI model. As such, the total O&M budget under our assumptions differs slightly from that of the S&L study. Nevertheless, the REMI wage data is Nevada-specific and we feel that it is appropriate to use wages that reflect the Nevada, rather than a national, labor market.
Capital expenditures for O&M enter the model through the output block: public utility sales. Total capital expenditures are $5.5 million annually beginning in 2006 and are set to grow at the rate of general-price inflation through the final model year, 2035.
Economic Impacts
The total economic impact on the state of Nevada from constructing, operating, and maintaining a 100-MWe CSP facility are given in Table 3 and Figures 1 through 3 .
Employment.
The largest employment impact is during the three-year construction phase. In the first year of construction, over 2,500 jobs are created either directly or indirectly as a result of the economic activity surrounding the CSP construction. The number drops off modestly during the next two years, but stays well above 2,000 jobs. Each year, 817 jobs are directly tied to constructing the facility. Indirect and induced job creation totals another 1,570 jobs, suggesting an employment multiplier of 2.9.
The end of the construction phase induces a mild downturn as a fall in the number of jobs temporarily contributes to job losses in industries supplying construction workers. By 2012, employment impacts have returned to positive territory. Not surprisingly, employment impacts during the O&M phase are significantly less than during the construction phase. Employment impacts average 140 jobs annually. Since 45 FTE are created directly during the O&M phase, the employment multiplier is approximately 3.1. 
100-MWe Concentrating Solar Power Plant
Gross State Product.
Mirroring personal-income activity, the construction phase offers the highest economic impact in terms of GSP. In the initial year of construction, over $160 million of GSP is generated either directly or indirectly from constructing the CSP facility. The average annual construction impact totals $160 million.
As with employment and personal income, the phase-out of construction activity causes the economic impact to fall markedly: GSP impacts fall from $155 million in 2006 to $7 million in 2007. The impact steadily increases to $29 million annually by 2027. The average annual economic impact, in terms of GSP, is $22.7 million during the O&M phase. In all, Nevada GSP will be boosted by $1.14 billion. Under Scenario B, we assume that 1,000 MWe of CSP generating capacity is added to Nevada's energy infrastructure. We assume that the plants are constructed on a two-year build cycle with construction ongoing during years 1 and 2 and operation beginning in year 3. The first plant begins construction in 2004 and a new plant begins construction each of the following nine years. In all, ten 100-MWe plants are constructed adding 1,000 MWe to Nevada's generation capacity.
100-MWe Concentrating Solar Power Plant Gross State Product
Construction Direct Costs
Engineering-cost estimates assume that costs of construction will fall as engineers, project managers, and installers familiarize themselves with installation and construction. This is true for many new technologies: learning at all levels of the development and construction phases helps to contain costs. Further, economies of scale can lead to lower costs for production of CSP capital and equipment. Taken together, it is reasonable to assume that learning and economies of scale should make subsequent plants less costly.
That said, it is difficult to predict the actual costs savings but they are important when analyzing economic impacts. Increased efficiency means lower construction costs and fewer dollars spent in Nevada. As a result, cost-savings act to dampen economic impacts. Engineering-based estimates put these between 10 and 20 percent for subsequent plants. For our model, we assume a conservative value of 10 percent, but allow the base cost to grow at the rate of general-price inflation. The result is prices falling by between 7 and 8 percent for each plant. Capital costs parallel the employment trends. Capital spending is highest during the early years of the construction phase before cost savings from learning and economies of scale set in. Direct construction-capital spending ranges from a high of $2.2 billion in 2005 to a low of $501 million in the last year of construction, 2014. Capital cost are still substantial in the O&M phase, averaging $82 million. As in Scenario A, capital costs are assumed to grow with the rate of general-price inflation.
Economic Impacts
The total economic impact on the state of Nevada from constructing, operating, and maintaining ten 100-MWe CSP facilities are given in Table 5 and Figures 4 through 6. Table 5 and Figure 4 give the employment impacts of Scenario B. Employment impacts are largest during the early years of the construction phase. Initial employment impact is 3,830 jobs in the first year of construction, rising quickly to a peak of over 6,940 jobs in 2005. Employment impacts taper off after that point as construction costs, including labor costs fall in response to learning savings and economies of scale.
Employment.
Unlike the one-plant scenario A, O&M employment impacts are significant. The first year post construction enjoys direct, indirect, and induced employment impacts of 1,090 jobs. The number falls modestly, mainly as a result of the downturn from the end of construction cycle, but the employment impact quickly revives. By 2025, nearly 2,000 jobs are created over and above the baseline forecast for that year. Over the O&M phase, employment impacts average 1,800 jobs. Direct O&M jobs total 459, suggesting an employment multiplier of 3.9 during the O&M phase of the facility. Table 5 and Figure 6 give the personal-income impacts from Scenario B on the state of Nevada. The personal income impact climbs from $188 million in 2004 to over $383 million at the peak of construction in 2006. Impacts fall off and drop to just under $200 million annually after the construction phase ends.
O&M personal impacts for the 10-plant scenario are significant. Impacts climb steadily throughout the O&M phase from just under $189 million in 2015 to $369 million in 2035. Much of the increase can be attributed to general-price inflation. But, the average growth rate of 4 percent is well in excess of the average general-price inflation rate forecast rate of 2.2 percent. 
Gross State Product.
The pattern of GSP impacts is in line with that of employment and personal income. The construction phase contributes considerable economic benefit to Nevada: at its peak, GSP impacts from Scenario B inject $463 million into the Nevada economy. Over the construction phases, GSP impacts average $349 million annually. The total economic impact, in terms of GSP, in the construction phase is $3.99 billion.
Like employment and income, the O&M phase also offers a substantial source of economic growth for Nevada. GSP impacts total $5.86 billion in the 22 years of full operation, 2014-2035. The average annual GSP impact is $283 million over that same period.
VI. SCENARIO C
The Renewable Portfolio Standard ( The third and final scenario links economic impact of CSP-generation development to RPS requirements. We ask: What is the economic impact of constructing enough CSPgeneration capacity to meet approximately 2/3 of the Nevada's long-term RPS requirement of 15 percent of total generation from investor-owned utilities?
First, we must estimate how much solar power generation must increase to meet 10 percent (or 2/3 of the fifteen percent) required by the RPS. We estimate that 29,000 GWH of electricity will be generated in Nevada in 2003. Therefore, meeting the RPS requirement would mean generating 2,900 gigawatt hours (GWH) using CSP technology. Generating this much electricity would require constructing 290 MWe of new generation capacity. We assume that three 100-MWe plants will meet this goal. Therefore, Scenario C represents an intermediate case between scenarios A and B.
Our assumptions under Scenario C are modeled after those in B. The major difference is that three plants, rather than 10, are constructed under Scenario C. 
Construction and O&M Direct Costs
We assume that learning and economies of scale in Scenario C affect costs at the same rate as in Scenario B. Namely, each successive plant enjoys 10 percent lower capital and labor construction costs than its predecessor. Table 6 offers a tally of capital and labor costs for the construction and O&M phases from 2004 through 2035. Employment cost is translated into FTE using REMI industry wages as in Scenario B.
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Economic Impacts
The total economic impact on the state of Nevada from constructing, operating, and maintaining three 100-MWe CSP facilities are given in Table 7 and Figures 7 through 9. Table 7 and Figure 7 give the sum of the direct, indirect, and induced employment impacts from building three 100-MWe plants in the state. s in Scenario B, employment impacts peak early in the construction phase.
Employment.
ay be attributed to the construction of the facilities.
e average annual employment impact over the construction phase is 4,900 jobs. With the end of construction in 2008, the decline in employment opportunity has a shortlived contractionary impact on the Nevada labor market. As a result, the employment impact is negative for three years following the end of the construction phase. The labor market quickly picks up, however, and by 2020, over 680 jobs can be ascribed to direct, indirect, and induced impacts from the three plants' operations. The average employment impact over the O&M phase is 475 jobs.
Personal Income. Table 7 and Figure 8 give personal-income impacts from the three 100MWe Scenario 3. Average annual personal income exceeds the baseline forecast by $295 million during the construction phases and $79.5 million during the O&M phase. Taken together, the construction and O&M for the three plants injects $3.4 billion into the Nevada economy from 2004 through 2035.
Gross State Product. Table 7 and Figure 9 give the GSP impacts of the three-plant Scenario C. Much like Scenario A, the lion's share of the GSP lift comes during the construction phase. From 2004 through 2007, construction and subsequent operation of the three facilities inject over $340 million into the Nevada economy. The total economic impact, in terms of GSP during the construction phase amounts to $1.36 billion.
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Economic impacts during the O&M phase are smaller, but still significant. On average, operating and maintaining the facilities account for $75 million through direct, indirect, and induced economic activity. The total GSP injection during the O&M phase is $2.1 billion. In sum, construction and O&M of the three-plant scenario lead to increased spending activity of $3.47 billion. 
VII. CONCLUSION
This report provides an assessment of the potential economic impact of three levels of developing Nevada's solar power resource. We show that the economic benefits can be significant, particularly if multiple plants are considered. In the most conservative oneplant Scenario A, total personal income in Nevada attributable to the construction phase (2004 through 2006) and the O&M phase (2007 through 2035) is estimated to be $1.15 billion. GSP will be boosted by $1.14 billion. If approximately 2/3 of the Nevada RPS is met with CSP generation, the state can expect additional personal income and GSP of $3.41 and $3.47, respectively. At the largest investment level, Scenario B, ten 100-MWe plants would be constructed. Direct, induced, and indirect benefits in terms of personal income and GSP would reach $9.37 and $9.85, respectively.
We limited this study to an examination of the tangible benefits of moving toward renewable-power generation. Nevertheless, the intangible benefits of improving air quality and reducing the threat of global warming are certainly important. Taken together, the tangible and intangible benefits to the state make CSP generation an attractive option.
Another factor to consider is the regional economic development potential of CSP generation in rural Nevada. The CSP-generation industry could support sustainable economic development in places that are currently seeking opportunities for economic development. New jobs in the relatively highly paid utility industry could provide a core of income for counties that are fast losing traditional income sources such as mining.
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